INTRoduCTIoN
Shoulder pain is a common and disabling complaint with a reported prevalence in the general population of at least 16% (1), and up to 34% in those over the age of 65 years (2). Subacromial disorders including subacromial bursa (SAB) pathology, rotator cuff disease and rotator cuff tears are the most commonly reported shoulder disorders, accounting for up to 70% of shoulder pain seen in primary care practice (3). It is generally accepted that the SAB is the main source of pain in rotator cuff disease due to its anatomic location, mechanical vulnerability and rich nociceptive innervation (4).
The SAB may be affected by a number of conditions including primary synovitis (bursitis) (5), crystal deposition, calcific loose bodies (6) , rotator cuff disease or may occur secondary to repeated mechanical 'impingement' against the acromial arch (7). Specific pain management interventions are advocated in the management of painful bursal conditions including corticosteroid injections and surgical bursectomy (8), and barbotage procedures for calcific lesions (9). The success of any treatment intervention however, is dependent upon identification of the SAB as the pain source in the first instance. The early detection of painful bursal pathology would therefore assist the clinician in more efficient differentiation of subacromial pain from other shoulder conditions and facilitate timely application of appropriate treatment to reduce the considerable functional disability and adverse health and psychosocial consequences associated with ongoing shoulder pain (10, 11) .
Subacromial disorders may be difficult to differentiate from other sources of shoulder pain due to the complex regional anatomy, and the similar clinical presentations of different shoulder disorders (12). The majority of previous studies have assessed the diagnostic ability of isolated physical exa mination tests, reporting poor specificity of these tests for identifying subacromial pathology (12) (13) (14) (15) , and their limited ability to differentiate between early stage "impingement" (bursal pathology) and more advanced rotator cuff disease (13). However, in clinical practice, diagnosis is rarely based upon the result of a single test. The two most popular methods for evaluating diagnostic accuracy of combinations of clinical tests are clinical prediction models (16) and establishing the best ClINICAl pRedICToRS oF A poSITIve ReSpoNSe To guIded diAgnoSTic Block inTo THe SuBAcromiAl BurSA combination of tests based upon minimum numbers of positive clinical findings (17). To our knowledge these two methods of interpreting diagnostic accuracy for combinations of clinical data have not previously been compared in the same shoulder pain cohort to determine which method provides the largest improvement in posttest probability of a positive 'case'. The majority of previous diagnostic studies used surgery as the reference standard procedure, but while this provides visualisation of pathology, it does not allow one to determine whether the observed pathology is the primary source of symptoms. Thus, diagnostic injections of local anaesthetic into the subacromial region are considered the reference standard test for identification of subacromial pain (7), with marked reduction in postinjection pain intensity following injection of local anaesthetic into the SAB being indicative of a positive anaesthetic response (PAr) and a likely subacromial pain source. in addition to providing valuable diagnostic information, a PAr may also provide an indication of the therapeutic value of targeted pain management interventions such as corticosteroid injections.
The aim of this study was to compare the diagnostic accuracy of combinations of clinical examination findings for predicting a PAr to a guided subacromial diagnostic block into the SAB.
MeTHodS
This study formed part of a wider prospective, blinded diagnostic accuracy study in which clinical examination and imaging variables (index tests) were compared with results of guided diagnostic injection of local anaesthetic (reference standard) into the SAB, acromioclavicular joint (AcJ) and glenohumeral joint (gHJ) (18). Subjects were recruited from community-based medical and physiotherapy practices across christchurch, new Zealand. The new Zealand ministry of Health regional ethics committee (upper South A) granted ethical approval for the study. informed consent was gained from all subjects prior to participation in the study and the rights of all subjects were protected.
consecutive patients over the age of 18 years, presenting to their general practitioner or physiotherapist for the first time with a new episode of shoulder pain and with the ability to follow verbal instructions were eligible for inclusion in the study (Fig. 1) . exclusion criteria were known fractures or dislocations around the shoulder complex, referred pain from the cervical spine, sensory or motor deficit involving the upper limb, previous surgery to the shoulder or cervical spine, or contraindications to injection procedures.
A total of 373 patients were referred to the study between July 2009 and June 2010 resulting in 208 subjects being included. The mean time between clinical examination and the SAB diagnostic block was 4 days (standard deviation (Sd), 3 days; range 1-19). All included subjects initially completed selfreport questionnaires consisting of the SF8 TM health survey (19), Shoulder Pain and disability index (SPAdi) (20) and Fear Avoidance Beliefs Questionnaire (FABQ) (21). This was followed by a standardised clinical examination (history and physical examination) conducted by an experienced clinician.
Clinical examination
Patient history consisted of standardised questionnaires including details of pain intensity, location and behaviour, mechanism of onset, past history and medical history. The physical examination consisted of the following tests: active range of motion (rom) of the cervical spine (22) 
Subacromial bursa diagnostic block
For the subacromial diagnostic block (reference standard) procedure, subjects were positioned supine with the arm in external rotation. under aseptic conditions, a 22gauge needle was used to inject 5ml of 1% lidocaine hydrochloride (xylocaine TM ) into the SAB under ultrasound guidance using an anterior approach. needle placement within the SAB was confirmed by ultrasound. As the contents of the syringe were emptied into the bursa, infiltration of the SAB was verified by visualisation of bursal distension. The SAB injection procedure used in this study has been described in detail elsewhere (18) .
immediately prior to the injection, all subjects were examined using up to 6 tests identified during the clinical examination as being provocative of typical symptoms. Preinjection pain intensity was recorded for each clinical test on a 100 mm visual analogue scale (VAS) where 0 mm indicated "no pain" and 100 mm represented "worst imaginable pain". Tests were repeated between 5 and 15 min following the diagnostic block and postinjection pain intensity VAS scores recorded again. The mean change in pain intensity from all clinical tests was then calculated. A positive anaesthetic response was determined by 80% or more post-injection reduction in pain intensity (80% pAR). This is similar to the criteria for PAr used in other studies involving diagnostic blocks (31-33) and represents a high level of confidence that the target structure is a major contributor to symptoms.
The investigator performing the clinical examination and pre and postinjection clinical tests was blinded to any diagnostic or treatment information from referring practitioners. The radiologist who performed the SAB diagnostic block was blinded to any clinical information and to the results of preinjection provocative clinical testing.
The sample size was estimated using methods for estimates for diagnostic accuracy studies described by Flahault et al. (34) with the minimal acceptable lower confidence limit set at 0.75 and expected sensitivity/specificity both set at 0.90, with adjustment following subgroup analysis of the first 100 cases to maintain precision of confidence interval estimates.
Statistical analysis
The Fisher exact test (dichotomous variables) and univariate logistic regression analyses (continuous variables) were performed for all demographic, selfreport questionnaires and clinical examination variables for a PAr to SAB diagnostic block using the Statistical Fig. 1 . location of primary pain required for inclusion in the study. Predictors of positive response to bursal injection ReSulTS demographic data for those included in the study are presented in Table i . Symptom duration was significantly less (mann Whitney, p < 0.001) in those excluded from the study (median 2 weeks; iQ range, 4 weeks). details of progression of subjects through the study, dropout explanations and adverse events are presented in Fig. 2 .
Two hundred and seven subjects completed the clinical examination. Variables where missing data exceeded 5% included 'family history of shoulder pain' (15% 'unsure'), atrophy in the supraspinous or infraspinous fossa (9% indeterminate), painful arc abduction (1% 'unsure' if typical symptoms were reproduced; 11% had insufficient active rom abduction) and passive RoM cross-body adduction in external rotation (7% unable to achieve full external rotation). Frequency distributions of clinical examination findings for the PAr and nAr groups are presented in Table ii .
Two hundred and two subjects received the SAB diagnostic block with needle placement within the SAB and visualisation of bursal distension confirmed in all 202 cases. Postinjection change in pain intensity was obtained from 200 subjects. due to the known limitations of VAS scales for measuring change in pain intensity when preinjection pain levels are low (< 20 mm) (38), only cases where preinjection pain intensity exceeded 20 mm were included in the analysis. Four cases were subsequently excluded from the analysis in which pre injection pain intensity was less than 20 mm on the VAS scale, resulting in 196 cases being included in the analysis. An 80% PAr was reported by 66 of the 196 (34%) cases following the SAB injection. eleven subjects (6%) reported a postinjection increase in pain intensity.
no demographic or selfreport variables were associated with a PAr to SAB diagnostic block (p ≤ 0.20). Table iii presents univariate odds ratios (or), contingency cell counts and diagnostic statistics for potential clinical examination predictors associated with PAr to SAB diagnostic block (p ≤ 0.20). The most efficient clinical examination predictors of a PAr to SAB diagnostic block were anterior shoulder pain (adjusted odds ratio (Aor) 2.3), strain mechanism of injury Variables were selected based upon association with an 80% PAr (p ≤ 0.200). Total cell counts are less than 196 for some variables due to missing data.
*p < 0.050; **p < 0.010; ***p < 0.001. TP: true positive; Fn: false negative; FP: false positive; Tn: true negative; ci: confidence interval; PPV: positive predictive value; nPV: negative predictive value; Plr: positive likelihood ratio; nlr: negative likelihood ratio; or: univariate odds ratio; Aor: multivariate adjusted odds ratio; HBB: handbehindback; Prom: passive range of motion; gHJ abd: glenohumeral joint abduction; er90º: external rotation (at 90º abduction); ir90º: internal rotation (at 90º abduction); cB: cross body; ir: internal rotation. Table Iv Total cell counts are less than 196 for some variables due to missing data. For abbreviations see Table iii. (Aor 2.3) and the absence of symptom provocation during passive RoM external rotation (at 90º abduction) (AoR 3.9) (Table iii) . Hosmerlemeshow statistics indicated the goodness of fit of the model was adequate (χ 2 6 = 3.24, p = 0.778). The diagnostic accuracy of combinations of prediction model variables is presented in Table iV . The highest sensitivity (0.40; 95% ci, 0.29, 0.52) was observed when 1 of the 3 variables were present, and highest specificity (1.00; 95% ci, 0.97, 1.00) was observed when all 3 clinical variables were present. diagnostic accuracy of combinations of all clinical examination variables identified as being associated with a PAr to SAB diagnostic block (p < 0.20) are presented in Table V . Sensitivity was highest (1.00; 95% ci, 0.95, 1.00) and negative likelihood ratio lowest (0.00, 95% ci, 0.00, 1.79) when none of the clinical finding were present. Specificity (1.00; 95% ci, 0.97, 1.00) and positive likelihood ratio (infinity; 95% ci estimates 1.71, 509.00) were highest when at least seven clinical findings were present. The area under the receiver operating curves (0.686; 95% ci, 0.598, 0.774) indicated that the optimal diagnostic point was represented by four positive clinical findings (sensitivity 0.55, specificity 0.70).
dISCuSSIoN
The ability to accurately identify those patients likely to report a PAr to subacromial diagnostic block can inform diagnostic decision making regarding the source of pain, guide referral for further investigation of specific subacromial pathology or specialist consultation and ultimately guide the selection of targeted pain management interventions such as corticosteroid injection (39). Accurate identification of subacromial pain may also guide treatment selection within conservative management programmes targeted at commonly reported causes of sub acromial pain including scapula dyskinesis (40) and humeral head stability (41). The consequences of delayed diagnosis of subacromial pain may include prolonged diagnostic processes with extended periods of pain and declining functional ability and a delay in implementation of appropriate management with resulting adverse effects on treatment outcome.
The clinical prediction model identified three variables that were able to rulein an 80% PAr to SAB diagnostic block with 100% specificity (95% ci, 0.97, 1.00) when all 3 variables were positive (strain mechanism of injury, pain primarily located in the anterior shoulder region and when typical shoulder symptoms were not provoked during passive rom external rotation performed at 90º abduction). This provides a basis for clinical decision making regarding application of specific treatment interventions for subacromial pain and, when present, these 3 findings provide justification for the use of more invasive or expensive investigation or treatment interventions, and may have more diagnostic value in specialist settings where the prevalence of painful bursal pathology is likely to be higher.
The 3 variables identified in the clinical prediction model however, could not ruleout a PAr to a SAB diagnostic block, with the highest sensitivity being only 40% (1 of 3 findings present). Possible explanations for the low sensitivity include Total cell counts are less than 196 for some variables due to missing data. For abbreviations see Table iii. the heterogeneity of subacromial pain and pathology in primary care populations, and the relatively low prevalence of 80% pAR (34%). Structures that occupy the subacromial region including the SAB and components of the rotator cuff, cross the anatomical boundaries we arbitrarily set for anterior shoulder pain (42). Thus lesions of the SAB or the rotator cuff, in the absence of anterior shoulder pain may still report relief from subacromial injections of local anaesthetic. Similarly, subacromial pain is known to result from mechanisms other than 'strain' including trauma, repetitive activity or insidious onset, and also as a result of inflammatory disease (43). in contrast, using combinations of the 9 clinical variables was more effective (Table iii) , with the ability to ruleout an 80% PAr (sensitivity) improved to 100% when none of the variables were present, and could also be ruledout with a high level of confidence when less than two variables were present (sensitivity 0.95; 95% ci, 0.87, 0.98 and nlr 0.21; 95% ci, 0.07, 0.62). Specificity of a PAr also increased with increasing numbers of positive tests, however, there was a tradeoff with decreasing numbers of subjects satisfying the criteria that included higher numbers of positive tests. When 6 findings were positive, subjects were almost seven times more likely to report a PAr to SAB diagnostic block (specificity 0.97), and when 7, 8 or 9 clinical tests were positive, specificity increased to 100%. in cases where clinical findings present diagnostic uncertainty (3, 4 of 5 positive clinical findings), a clinically administered diagnostic injection of local anaesthetic into the subacromial region may be required to confirm the diagnosis. This is a simple and inexpensive diagnostic procedure when performed 'blind' in primary care with low associated risks, and in competent hands, injection accuracy approaches that of guided procedures (44).
A limitation of note is that we cannot determine precisely which structures were anaesthetised. recognised procedures were followed in our protocol to ensure accurate needle placement into the SAB using ultrasound guidance, and infiltration of the SAB was confirmed in all cases by visual observation of bursal distension on ultrasound. However, as no contrast agent was used, it was not possible to track movement of injectate to surrounding tissues following the SAB injection. it is therefore possible that structures in close anatomic proximity to the SAB were also exposed to the anaesthetic, including structurally compromised portions of the rotator cuff and the acromioclavicular joint. For this reason the results reflect predictors of anaesthetic response to subacromial injection, without the assumption of isolated bursal involvement.
in conclusion, both clinical prediction model variables, and combinations of 9 history and physical examination variables were able to identify the presence of painful subacromial conditions in primary care patients. This provides confidence in distinguishing subacromial pain from other sources of shoulder pain and aids more judicious selection of patients for more expensive or invasive investigations for specific subacromial conditions, or targeted pain relief interventions, such as corticosteroid injections. However, compared with the clinical prediction model variables, the absence of at least 2 of the 9 clinical examination findings was more accurate in rulingout painful subacromial conditions. Additional diagnostic procedures including the use of diagnostic injections of local anaesthetic may be required to confirm the anaesthetic response when these clinical criteria are not satisfied.
